Antithrombotic drugs have been increasingly used for treating ischemic cardiovascular diseases among the elderly in Japan. However, antithrombotic drugs are known to be risk factors for gastrointestinal injury. Therefore, we conducted a pharmacoepidemiologic study on patients receiving antithrombotic drugs to identify the risk factors for gastrointestinal injury. This retrospective case-control study included patients who were prescribed antithrombotic drugs at the Ehime University Hospital between April and September 2010. Of the 3271 patients who received antithrombotic drug therapy, 172 (5.3%) developed gastrointestinal injuries, including gastric ulcers, duodenal ulcers, and hemorrhagic gastrointestinal injuries. Further, the incidence of gastrointestinal injury was higher in patients with hypertension than in those without (p<0.0001). Multivariate adjusted odds ratios and 95% confidence intervals were calculated using stepwise logistic regression. The adjusted odds ratios for gastrointestinal injury were 1.56 (95% confidence interval 1.07-2.36) for hypertension, 1.70 (1.17-2.50) for low-dose aspirin, 2.77 (1.70-4.49) for clopidogrel, 1.95 (1.23-3.08) for warfarin, and 4.13 (2.88-5.95) for nonsteroidal anti-inflammatory drugs. On the other hand, the nonadjusted odds ratio for drug-associated gastrointestinal injury was 0.43 (0.20-0.84) for eicosapentaenoic acid (EPA). In addition, we found that patients aged 70 years or older were at increased risk of drug-associated gastrointestinal injury. These findings suggest that while many antithrombotic drugs are risk factors for gastrointestinal injury, EPA may be a safe option for suppressing or preventing gastrointestinal injury.
At present, people older than 65 years account for more than 22% of the entire population in Japan, satisfying the United Nations definition of "ultra-ageing society" (percentage of elderly people, over 21%). Elderly people tend to have multiple comorbidities. Myocardial infarction and cerebral infarction are representative geriatric diseases whose incidence increases with age. In Japan, these ischemic cardiovascular diseases are major causes of death. Cerebral infarction is a disease causing serious problems related to the welfare of people since they are likely to develop sequelae (hemiplegia), making them dependent on the assistance from others during daily life.
When the "Guidelines on Anticoagulant and Antiplatelet Drug Therapy for Cardiovascular Diseases" were revised in 2009, the management of gastrointestinal ulcers caused by antiplatelet drugs in clinical practice was added as another important topic. 1) This revision was based on the fact that while the onset of peptic ulcers had decreased as a result of Helicobacter pylori eradication therapy, there had been an elevation in the risk of gastrointestinal complications (gastrointestinal ulcers or hemorrhagic gastrointestinal lesions) associated with nonsteroidal anti-inflammatory drugs (NSAIDs) and antiplatelet/anticoagulant drugs (antithrombotic drugs). Sakamoto et al. conducted a case-control study in patients with gastrointestinal bleeding, reporting that the risk of hemorrhagic events rose 5.5-to 7.7-fold in patients taking aspirin.
2)
The above-mentioned guidelines on anticoagulant and antiplatelet drug therapy recommend measures for the prevention of gastrointestinal complications in high-risk patients requiring aspirin treatment. It has been reported that histamine type 2-receptor antagonists (H2RAs) and proton pump inhibitors (PPIs) were effective in the prevention of gastroduodenal ulcers induced by low-dose aspirin.
3) To date, however, few reports on the relationship between the type of antithrombotic drugs and gastrointestinal injury have been published in Japan. 3, 4) Reducing the risk of gastrointestinal injury (e.g., gastrointestinal ulcers and gastrointestinal bleeding) is also an important clinical issue from the viewpoint of facilitating continued treatment with antithrombotic drugs. With these points borne in mind, it is essential to prevent and treat thrombotic cardiovascular and cerebrovascular injuries and to select appropriate antithrombotic drugs. [2] [3] [4] [5] [6] [7] However, there are many unresolved questions about the risk of gastrointestinal injury arising from antithrombotic drugs other than low-dose aspirin and the effects of drugs used for the prevention of such injury. Therefore, we carried out a pharmacological study in patients receiving antithrombotic drugs in order to identify the risk factors of gastrointestinal injury associated with antithrombotic drug therapy.
MATERIAlS AND METHoDS
Subjects and Methods A case-control analysis was carried out, involving patients for whom antithrombotic drugs were prescribed at the Ehime University Hospital (hereinafter called "our hospital"). Cases (patients having developed gastrointestinal injury) were randomly matched with controls (age-and gender-matched patients free of gastrointestinal injury) at a ratio of 1 : 4. The risk of gastrointestinal injury was classified according to the presence-absence of injury.
Univariate logistic regression analysis was carried out to determine which drugs and life-style related diseases served as significant factors. On each factor identified by univariate logistic regression analysis as a significant factor, multivariate logistic regression analysis was carried out to identify risk factors of gastrointestinal injury. Furthermore, to analyze the association of risk factors with aging, multivariate logistic regression analysis was carried out by stratifying patients aged over 50 years by age at intervals of 10 years. The survey on patients having developed a gastrointestinal injury was carried out on those patients for whom antithrombotic drugs were prescribed for more than 7 d at our hospital between April and September 2010. A retrospective survey was conducted on the healthcare data contained in the medical records, including gender, age, drug (antithrombotic drugs, NSAIDs), gastrointestinal injury, and habit-related disease. This study was carried out in accordance with the Ethical Guidelines on Epidemiological Research (Ministry of Education, Culture, Sports, Science and Technology and Ministry of Health, labour and Welfare) under approval of the Ethics Committee of the Ehime University School of Medicine.
Drugs The antithrombotic drugs investigated were as follows: (1) drugs with antiplatelet activity, i.e., aspirin (100 mg); combination preparation of aspirin (81 mg) and dialuminate (33 mg); ticlopidine hydrochloride; cilostazol; eicosapentaenoic acid (EPA; an ω-3 polyunsaturated fatty acid); beraprost sodium; sarpogrelate hydrochloride; clopidogrel bisulfate; limaprost; dipyridamole; dilazep hydrochloride; trapidil; ibudilast; and ifenprodil tartrate, (2) a drug with anticoagulant activity, i.e., warfarin potassium, and (3) NSAIDs used in our hospital, which are known to induce gastrointestinal injury frequently, i.e., mefenamic acid, ibuprofen, naproxen, flurbiprofen, loxoprofen sodium, indomethacin, indomethacin farnesil, etodolac, diclofenac sodium, nabumetone, meloxicam, lornoxicam, and celecoxib.
Gastrointestinal Injury Gastrointestinal injury was judged to be "present" in cases where any of the antithrombotic drugs were used during the survey period and a definite diagnosis of any of the following diseases according to the International Classification Diseases 10th Revision (ICD10) classification was made during the survey period: K25.0-9 (gastric ulcers), K26.0-9 (duodenal ulcers), K27.9 (peptic ulcers of unidentified site), K28.9 (gastrojejunal ulcers), K29.0 (acute hemorrhagic gastritis), K92.1 (lower gastrointestinal bleeding), and K92.2 (gastrointestinal bleeding, gastric ulcers with unknown details). K29.1-9 (gastritis and duodenitis), K21.0-9 (gastroesophageal regurgitation), and T81.0 (bleeding and hematoma secondary to intervention, not classified in any other category) were excluded. Because of the limitations imposed on this study, cases with relapsing gastrointestinal injury, presence/absence of H. pylori infection, and history of treatment were not taken into consideration.
Life-Style Related Diseases Diabetes mellitus, hypertension, and dyslipidemia (hyperlipidemia) were selected as lifestyle related diseases serving as risk factors for thrombotic cerebellar-cardiovascular diseases.
Statistical Analysis All analyses were made using JMP ® software 8.0.2 (SAS Institute Inc., Cary, NC, U.S.A.). Fisher's exact test or Student's t-test was employed for comparison between 2 groups. In all analyses, p<0.05 (two-tailed) was regarded statistically significant. Analysis of risk factors was carried out by univariate logistic regression analysis and stepwise multivariate logistic regression analysis to determine the odds ratio (OR), adjusted odds ratio (AOR), and 95% confidence interval (95% CI).
RESUlTS

Survey of Patients Treated with Antithrombotic Drugs
During the survey period, 3271 patients received treatment with antithrombotic drugs and 172 patients (5.3%) developed gastrointestinal injury. The type of gastrointestinal injury among the 172 patients was gastric ulcer in 122 cases, duodenal ulcer in 3 cases, and hemorrhagic gastrointestinal injury in 47 cases (Table 1 ). There was no significant difference in the onset of gastrointestinal injury, except for the age at onset, which was significantly higher in patients developing gastrointestinal injury (p<0.01, Table 2 ).
Life-Style Related Diseases and Gastrointestinal Injury
The incidence of gastrointestinal injuries in patients with diabetes mellitus, hypertension, or dyslipidemia is shown in Table 3 . Hypertensive patients receiving antithrombotic drugs developed gastrointestinal injury at an incidence of 7.2%, which was significantly higher than that of nonhypertensive patients (p<0.0001).
Case-Control Study A case-control study was carried out, involving 172 cases of gastrointestinal injury and 688 gender-and age-matched controls. The control subjects were selected from 3099 patients who did not have gastrointestinal injury and who received antithrombotic-anticoagulant drugs. There was no significant difference in the male-to-female ratio or age between the case group and the control group (Table 4) .
Risk Factors of Gastrointestinal Injury (Univariate Logistic Regression Analysis) The data on the oR for gastrointestinal injury of 14 antithrombotic drugs are summarized in Table 6 ).
Risk Factors of Gastrointestinal Injury Analyzed by Age
To evaluate the influence of age on gastrointestinal injury, the 792 patients aged over 50 years were stratified by age (at intervals of 10 years), and the independent risk factors of gastrointestinal injury (Table 6) were analyzed by age (multivariate logistic regression analysis). In patients aged 70 years or older, the following independent risk factors were identified: hypertension, 2.02 (1.19-3.56, p=0.00116) 65-6.93, p<0.0001 ). NSAIDs were also identified as an independent risk factor in each age group over 50 years and clopidogrel was an independent risk factor in the age group of 60 to 69 years (Table 7) .
DISCUSSIoN
We conducted an investigation on patients receiving antithrombotic drugs to analyze the risk of developing gastrointestinal injury on taking antithrombotic drugs. The analysis of gastrointestinal injury in relation to life-style related diseases revealed that the percentage of patients developing gastrointestinal injury was significantly high (7.2%) among hypertensive patients receiving antithrombotic drugs (p<0.001). The AoR of gastrointestinal injury risk (95%CI) was 1.56 (1.07-2.36) for hypertensive patients. In general, hypertensive patients have a resistance to gastric ulcers since the gastric mucosal blood flow (a defensive factor) is well preserved in the presence of hypertension. 8, 9) In treated patients with hypertension in which the blood pressure has been reduced to a goal level by hypotensive treatment, gastric mucosal blood flow is lower than that in normotensive individuals. The influence of hypotensive therapy is considered to appear earlier in the gastric mucosa than in the other organs, and it has been reported that hypotensive drugs can adversely affect the gastrointestinal mucosa (through destabilizing the peripheral blood flow triggered by an autoregulatory mechanism or through excessively reducing the blood pressure) or cause gastric ulcers. 10) Hypertensive patients often receive multiple drugs because of complications by a thrombotic disease, cerebrovascular disease, cardiovascular disorder, and so on. It seems, therefore, likely that hypertensive patients are exposed to the risk of gastrointestinal injury (due to accompanying diseases), adverse reactions to multiple drug therapy, and interactions between these factors. In elderly patients, we cannot rule out the influence from factors such as Helicobacter pylori infection, history of infection, and history of gastrointestinal injury. Therefore, it is uncertain whether hypertension is a risk factor for gastrointestinal injury. More detailed studies on the relationship between hypertension and gastrointestinal injury are desirable. In elderly patients, we cannot rule out the influence from factors such as Helicobacter pylori infection, history of infection, and history of gastrointestinal injury. Therefore, it is uncertain whether hypertension is a risk factor for gastrointestinal injury. More detailed studies on the relationship between hypertension and gastrointestinal injury are desirable.
In the multivariate logistic regression analysis, the AoR (95%CI) was 4.13 (2.88-5.95) for NSAIDs, 1.70 (1.17-2.50) for low-dose aspirin, 1.95 (1.23-3.08) for warfarin potassium, and 2.77 (1.70-4.49) for clopidogrel, allowing us to confirm that these are independent risk factors. Regarding the mechanism of NSAIDs-induced peptic ulcers or gastrointestinal bleeding, it is known that NSAIDs suppress gastric mucosal prostaglandin formation (mediated by inhibition of cyclooxygenase-1 (CoX-1)), thereby reducing the resistance and defensive potential of the gastric mucosa to acid and leading to the onset of peptic ulcers or gastrointestinal bleeding. It is also known that accumulation of NSAIDs in cells directly induces mucosal injury. 11, 12) Regarding the risk of low-dose aspirin for the onset of upper gastrointestinal bleeding, the AoR has been shown to be 1.6-8.2 according to metanalyses and case-control studies. 2, 13) Warfarin potassium, suggested in the present study as a risk factor for gastrointestinal injury, is less likely to injure the gastric mucosa but tends to suppress wound healing through a hemorrhagic tendency and to stimulate the hemorrhagic tendency through long-term use or interactions with other drugs, allowing us to estimate that warfarin potassium is involved in delayed healing or aggravation of existing gastrointestinal lesions. 14) Clopidogrel is not a primary cause of gastroduodenal ulcers but it is considered as one of the factors responsible for gastrointestinal injury because it inhibits vascularization and, thus, suppresses the healing of existing ulcers and erosions. 15, 16) According to an overseas case-control study, the AoR for the risk of upper gastrointestinal bleeding was 2.3 (0.9-6.0) for clopidogrel; however, this ratio was not statistically significant. 17) In a study involving follow-up of patients for 1 year after the start of clopidogrel treatment, clopidogrel was shown to serve as a significant risk factor in patients with a history of upper gastrointestinal bleeding, with an AoR of 1.3 (1.1-1.5).
18) Thus, there is no consistent finding about the risk of clopidogrel treatment for the onset of hemorrhagic gastrointestinal injury. 14, 17) Although the effectiveness of PPIs as a means of preventing and treating gastrointestinal ulcers caused by low-dose aspirin has been demonstrated, no drug therapy to address the suggested risk of clopidogrel-induced gastrointestinal injury has been established. Although the magnitude of this risk varies among reports, it seems essential to explore drugs capable of reducing or preventing gastrointestinal injury and to evaluate the usefulness of concomitant use of such drugs so that clopidogrel can be used safely and continuously.
When the influence of age was analyzed, it was shown that elderly patients (aged 70 years or older) are more likely to develop gastrointestinal injury following treatment with lowdose aspirin, clopidogrel, warfarin potassium, or NSAIDs. In general, the prevalence of peptic ulcers has been shown to have an upward tendency in elderly people. Possible reasons for this tendency are as follows: (1) higher detection rate at early stages in recent years, (2) high prevalence of accompanying diseases that are likely to cause blood flow disturbance in elderly people, and (3) high number of drugs that can cause ulcers. In the present study, NSAIDs were identified as a risk factor of gastrointestinal injury in each age group over 50 years, suggesting the necessity of avoiding the use of NSAIDs without evident necessity, regardless of the age group to which a given patient belongs.
The results from this study suggest the possibility that EPA has a safety profile that is completely different from that of the other antithrombotic drugs. Although the AoR for EPA was not statistically significant, its unadjusted odds ratio (95% CI) was 0.43 (0.20-0.84), which indicates a significantly lower risk of gastrointestinal injury. In this study, we confirmed that the number of patients concurrently prescribed with EPA and gastric agents were few; 9 patients received PPIs (10.3%) and 15 patients received H2ARs (17.2%) in EPA group (n=87). Thus, other factors may be considered. This is probably attributable to the following factors: (1) EPA promotes the repair of gastric epithelial cells in a dose-dependent manner; however, this is an in vitro finding 19) and (2) EPA prevents gastric ulcers through reinforcing the host defensive factors mediated by the inhibition of factors that damage the mucosa and oxidative stress. 20) It has been reported that when EPA was administered for 2 months or longer to children with Crohn's disease, the erythrocyte EPA level increased and the leukotriene B4 level (a factor with powerful inflammatory activity, produced in leukocytes and intestinal mucosa) decreased. 21 ) Therefore, prolonged use of EPA can reduce the risk of gastrointestinal injury through its antiulcer or anti-inflammatory action on the digestive tract. According to the current "Guidelines on the Use of Anticoagulants and Antiplatelet Agents for Cardiovascular Diseases" (revised version, 2009), EPA treatment is an Evidence Class 1 measure to manage high-risk dyslipidemia in patients at elevated risk of cardiovascular disease. Increasing numbers of reports on EPA are available, allowing a more reliable evaluation of this drug. 1) In addition, EPA has neutral fat-lowering and anti-inflammatory properties. In the Japan EPA lipid intervention study (JElIS study), EPA was shown to prevent thrombosis to an extent comparable to that achieved by aspirin, although a direct comparison between these 2 drugs was not carried out. 22) More recently, addition of ω3-polyvalentsaturated fatty acid to the standard therapy (low-dose aspirin+ clopidogrel) for patients after percutaneous coronary intervention was reported to augment the antiplatelet response remarkably. 23) Furthermore, EPA rarely induced adverse events and has been proven to have a favorable safety profile; its usefulness in clopidogrel resistance has also been demonstrated. 23) These findings suggest that if EPA is added to an antiplatelet drug therapy, antiplatelet activity can be obtained without increasing the hemorrhagic risk.
In conclusion, this study confirmed that clopidgrel, warfarin and low dose aspirin are relevant risk factors for gastrointestinal injury among the antithrombotic drugs currently available. Moreover, the present study suggested for the first time that EPA treatment provides a safe means of suppressing or preventing gastrointestinal injury. Although, this study, designed as a retrospective study, has many limitations, the results from this study will be useful for the future use of antithrombotic drugs and NSAIDs, including their use in elderly patients, as antithrombotic therapy with clopidogrel, and so on.
